The main objective of the study is to explore the relationship between Research and Development (R&D) investments and export behaviour in EU countries in the aspect of competitiveness. To this end, the micro-aggregated Community Innovation Survey 3 (CIS3) is used. Both the volume and the decision of R&D investment and export are found to be mutually dependent. Particularly, in manufacturing industry, the effect of export on R&D is underestimated and the one of R&D on export is overestimated. In the knowledge intensive sectors, circular causality link is broken between the R&D and export.
Introduction
Competitiveness is one of the main policy objectives in the current agenda of countries. One of the goals of the Lisbon strategy and of its successor, the strategy 2020, has been to increase Research and Development (R&D) expenditures to 3% of the GDP by 2020 to ensure competitiveness. One indicator of competitiveness is the export volume of a country. To increase exports and to compete with other countries, new and cheaper goods and services needs to be introduced in the market. To this end, innovation and R&D activities are important and necessary. As R&D is one unavoidable integrant for export, the reverse is also valid. Export is one channel of technology transfer. By exporting, the learning capacity of countries is significantly increased through knowledge spillovers. The main question is how R&D investments affect and are affected by international trade, especially by export. This paper analyses whether this relationship is mutually dependent 1 , i.e. simultaneous, or not. This paper is structured as follow. Section 2 reviews the literature of existing studies. In the section 3, the model constructed from the literature as well as the methodology implemented is exposed. Section 4 details the construction of the dataset and section 5 discusses the estimation results. Finally, the main findings of the paper are summarized in the conclusion and some policy implications are discussed.
Literature Review
Before starting to analyze the relationship between the R&D and export behaviour of the firms, it is useful to discuss common features of these two activities. The competitiveness literature is the linking point, while the knowledge spillovers literature is the common point. According to Marsh and Tokarick (1994) and Durand et al. (1992) , export unit values of manufacturing goods are one of the five competitiveness indicator. The underlying fact is that when a firm has the ability to export, it proves that either it has a price or cost advantage over foreign firms which makes the firm competitive. R&D investments come to the stage when firms want to compete not only with domestic ones but also with foreign rivals. R&D investments are one of the main tools to become more competitive due to the price or cost advantage. This explains how R&D activities affect the exports.
Knowledge spillovers represent one of the main channel explaining how R&D investments are influenced from export. Three main sources of technological knowledge spillovers have been identified in the literature: foreign direct investments, R&D investments and trade (Cincera and van Pottelsberche de la Potterie, 2001) . As regard the transmission mechanism of knowledge spillovers through trade, in particular imports, Coe and Helpman (1995) , in their study at the macro level, constructed a R&D spillovers pool by taking the sum of foreign countries' R&D stocks weighted with the fraction of imports from these countries in GDP. However, one pitfall of their analysis is the assumption of a linear relationship between the share of imports and foreign R&D. Still one of the most influential and important studies in this area, one of its main conclusion is the fact that total factor productivity growth of one country depends not only on its own R&D stock but also on the ones of trade partners. Keller (1998) tests the hypothesis of Coe and Helpman with Monte-Carlo experiments and advises to test it with a simultaneous model which allows trade unrelated technology spillovers. Barrios et al. (2003) investigate the importance of R&D investments on export decision and intensity. They found evidence of positive R&D spillovers effect on export behaviour while little evidence of export spillovers effect. Wei and Liu (2006) also confirm this finding with Chinese data. On the other hand, Bernard and Jensen (2004) find that knowledge spillovers from neighbouring exporters are negligible. The authors also test the influence of policies for export promotion. They conclude that these government policies have no significant effect on the probability to export.
The size of the firm is a crucial determinant for both for the propensity and the volume of R&D investment and export. Schumpeter (1942) is the first economist to set forth that large firms spend more on R&D than smaller ones. In the Schumpeterian hypothesis, it is claimed that the relation between the R&D and size of the firm has an inverted U-shape. In the R&D literature, many studies (Gustavsson and Poldahl, 2003; Kleinknecht and Ploot, 1992) consider the 'size' as a main variable. Also 'size' is an important indicator in the trade literature. Economists studying the export function also consider 'size' as a main variable (Sjoholm, 2003; Wakelin, 1998) . In the literature, there is not a unique common size variable used. Some studies consider employment (Bernard and Jensen, 2004) while others use sales (Gustavsson and Poldahl, 2003) or revenue (Aw et al., 2008) as a proxy for size.
In the R&D and export relationship, the effect of export on R&D is more ambiguous than the effect of R&D on export. In the export function, some researchers consider only innovation (Bernard and Jensen, 2004) or R&D (Sjoholm, 2003) , while others use both (Rodriguez and Rodriguez, 2005) . In the international trade literature, the effect of innovation is more visible than the effect of R&D (Roper and Love, 2002) . This is mainly due to the fact that exporting firms are believed to be more competitive and have better a performance in terms of productivity, innovativeness, etc. than the non-exporting ones. New products or processes insure to have advantages over the other firms especially for small firms. Small and Medium Enterprises might not have enough R&D budget but new products and/or processes would allow them to improve their competitiveness in the foreign markets.
The decision and volume of export is also likely to be affected by other variables. The influence of the technological capacity or R&D investments of firms' might affect both the export intensity and export decision equally or differently. Rodriguez and Rodriguez (2005) for example, found that R&D investments have a significant influence the export intensity but no influence on the export decision. On the other hand, Zhao and Li (1997) , investigating this question for China, suggest that technology has a crucial role in international competitiveness. Both the propensity and intensity of export is affected by the level of R&D investments.
In the R&D and trade literature, single estimation techniques (Bernard and Jensen, 2004; Sjoholm, 2003; Wakelin, 1998; Kleinknecht and Ploot, 1992; Gustavsson and Poldhal, 2003) are generally implemented. Simultaneous estimation techniques are rarely used (Smith et al., 2002; 2008, Fors and Svenson, 2002) . This is partly due to technical difficulties and data constraints. As emphasized by Ball (1963) , simultaneous estimation techniques have advantages over the single estimation techniques. First of all, exogenous or predetermined variables which are used in the single equation model become unknown or endogenous variables with the simultaneous estimation. This results in a smaller bias compared to the single equation case. Nonetheless, as mentioned above, it is more cumbersome to implement.
The main reason for the lack of studies on the simultaneous relation of R&D and trade is the dearth of appropriate data sources. As Smith et al. (2002) emphasized, information about this relationship is scarce due to the lack of suitable data. In their study, the authors set up a unique data set which combines Danish R&D statistics with the data from official firm register at Statistics Denmark. It can also be emphasized that most of the studies investigating this simultaneous relation are limited to one country only. The literature on simultaneous relation is limited as can be seen in Table 1 .
The first simultaneous analysis of the relationship between exports and innovation is performed by Hughes (1986) who is also aware of the fact that this simultaneity is not tested before him (Hughes, 1986: 388) . Based on a panel of 46 manufacturing industries in the UK, the author finds a simultaneous relationship and he defines the competitive position of UK with technology, skill and industry structure which are the main determinants of export composition in the UK. Smith et al. (2002) stated that R&D is the most influential determinant on the export decision of the firm. The authors found that R&D and export are mutually dependent. Aw et al. (2008) found also significant interaction between export and the R&D decision for Taiwanese firms. Fors and Svenson (2002) use foreign sales instead of export values. The authors also support the hypothesis of a two-way relationship between the R&D and foreign sales for Sweden but multinationals enterprises only. Zhao and Li (1997) found the same evidence for China by using a three equations simultaneous model (export growth rate, R&D intensity and profit rates). Suh (1993) ended up with different results than the ones reported in other studies (Smith et al., 2002; Zhao and Li, 1997; Fors and Svenson, 2002; Aw et al., 2008) . The author found a negative and insignificant R&D elasticity of export meanwhile the export elasticity of R&D is negative and significant. The author explains this extreme situation by the behaviour of Korean firms which are more imitators than creators of new knowledge, i.e., firms tend to rely more on the technology in the foreign market which they enter instead of generating original technologies themselves.
This study is aiming to fill the gap in the literature on the simultaneous relation of R&D and export across countries. Among all the studies conducted to the knowledge of the authors, this study is the first one to cover more than one country and more importantly focusing on EU countries. 
The model and the methodology
In this paper, two main hypotheses and a couple of sub-hypotheses will be tested. One of the main hypotheses is to test whether the decision of firms to start/perform R&D and export are affected from each other.
H1: R&D and export decisions of a firm are dependent on each other.
The determinants of the propensity of performing R&D and exporting will be also analyzed. For this, R&D and export equations are estimated separately by a probit model. On the other hand, to test the main hypothesis both equations are estimated by a bivariate probit model.
To explore the propensity of firms to perform R&D and export, two separate probit models, a binary response model which is based on a probit link function, is estimated 2 . The firm either do R&D (RD=1) or not (RD=0) during the period over which the survey is conducted. This decision is explained by a set of factors ( ' 1 X ). The decision of the firm to export (EXP=1) or not (EXP=0) during the period over which the survey is conducted depends on another set of factors ( ' 2 X ) (Greene, 1997; Long, 1997) . Formally, the probit model for R&D is given by,
And the probit model for export by, and (.) ψ are the standard normal distribution and PR indicates the probability. The coefficients ( β andα ) are typically estimated by maximum likelihood methods.
As opposed to the logit model, the probit model allows one to use more than one equation, with correlated disturbances which is very similar to seemingly unrelated regression (SUR) models. The general specification of a two-equation probit, specifically bivariate probit model is (Greene, 1997: 906) ,
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The bivariate probit is estimated by the maximum likelihood method, by maximizing the log-likelihood function with respect to traditional parameters ( β andα ) and ρ which is the interaction term between the residuals (Greene, 1997) .
The second main hypothesis is to test whether the volume of firms' R&D and export are related to each other. When the R&D level of a firm increases, does it also affect its level of exports? And conversely when export increases, does it affect the R&D of the firm. Considering export levels of firms' as an indicator for the competitiveness of the firm, the question might be asked as follows. Does more R&D will cause the firm more competitive? And as the competitiveness of the firm increases, does it increase the R&D level? Also a politically related question may be put forward. Are R&D oriented policies affecting exportoriented or competitiveness policies? Or is it the other way around?
The model for R&D is given by:
For export, we have:
With the two single equation econometric models, the sub-hypothesis is tested. The second main hypothesis can be defined as follows.
H2: The volume of R&D and export of a firm directly are simultaneously determined.
To test this hypothesis, it is necessary to use a simultaneous estimation technique: Zellner and Theil (1962) propose the Three Stages Least Squares (3SLS) estimator which is asymptotically efficient 3 . Another condition necessary to meet the rank and order conditions for the identification of the system of equations is required. This condition basically consists of some extra exogenous variables in the set of factors explaining the independent variables ( 2 1 X X ≠ ) to distinguish the equations. 
foreign ownership, EU dummies, industry and services sectors dummies and outlier dummies
In the 3SLS estimation, to meet the identification of the system of equations, the set of vector explaining the export behaviour ( 2 X ) is supplemented with the following variables:
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X = Innovation and export volume of the previous year.
The dependent (endogenous) and the independent (exogenous) variables are identified in Table 2 . The data set consists of micro aggregated data based on firms located in different industry and service sectors which have structurally different R&D and export levels. Therefore, the sectors are classified into eight groups 4 according to their level of technology. To handle the outlier problem, outlier dummies have been constructed. As a rule of thumb, last 5 % of the observations are treated as outliers. For the empirical analysis, the micro-aggregated Community Innovation Survey 3 (CIS3) is used. Mairesse and Mohnen (2001) checked the robustness of the estimates obtained by using micro-aggregated versus the original data and also differences between the two first waves of these surveys, i.e. CIS1 and CIS2. The main conclusion of their analysis is that a procedure is implemented to exclude outliers from the analysis; the econometric results based on the micro aggregated data are about the same to the ones obtained from the original data. When micro-aggregated data is used; significance and the sign of the coefficients are not affected meanwhile the coefficients are biased. In order to address these problems, we also implement in this study a 'cleaning' procedure to get rid of the outliers. Yet, from this database independent (exogenous) variables are constructed according to the literature.
Finally, the following equations will be estimated using the ad-hoc econometric method discussed in section 3. 
Equation of R&D Decision (or Propensity
)
Data
To test the hypotheses, the micro-aggregated Third Community Innovation Survey (CIS 3) over the period 5 is used for the econometric analysis. The data set covers 15 countries (Belgium, Bulgaria, Czech Republic, Estonia, Hungary, Germany, Greece, Iceland, Latvia, Lithuania, Norway, Portugal, Romania, Slovakia and Spain) from 39 sectors and in total 49681 observations. The distribution of the sample data is reported in Table 3 .
In our study, the main focus is on EU countries. At the time the survey was performed, only 5 countries, namely Belgium, Germany, Greece, Portugal and Spain, were member states of the EU. Five out of thirteen countries are EU15 countries while six are EU25 countries. Island and Norway are still not EU members as of 2009. For the main analysis, data for thirteen EU countries are used. Almost one fifth of the observations are coming from just one country, namely Bulgaria. Also 16% and 15% is coming from Spain and Romania, respectively. Observations from these three countries represent half of the sample. Sample selection bias is always a problem for this type of survey. To handle this problem, it is possible to use a weighted regression which gives more unbiased and efficient estimates especially for the survey data. In the sample, a weight constructed by Eurostat based on the shares between the numbers of firms or the number of employees 6 is used. 34 sectors out of 38 are used in the econometric analysis. As can be seen in Table 4 , the distribution of sectors consists of: 23 manufacturing industries and 11 knowledge intensive services. 65.17% of the observations belong to the manufacturing industry and the rest comes from knowledge based services (KIBS). 35.33% and 22.24% of the observations of the full sample relate to low technology manufacturing industry and knowledge intensive market services, respectively.
In the sample 65.10% of the firm are performing R&D meanwhile 52.76 % of the firms are exporters. 35.71% of the firms are both R&D performer and exporter, 17.85% of the firms do not perform any of these activities.
Graph 2: Scatter plot between LNRD and LNX
The explicit relationship between volumes of R&D and export can be easily observed from Graph 2. Most of the firms are gathered around the centre and the graph exhibits that the relationship between the two variables is positive. The heteroscedastic structure is also visible. The variation for low levels of R&D and export is higher than that observed for high levels of R&D and export. Several outliers are also visible. For the cross-sectional data analysis, heteroscedasticity of the variables is a problem that needs to be addressed.
To check whether this relationship is also valid for each of the 13 EU countries and for each of the eight sectors, Graph 3 and Graph 4 are plotted. There are still differences between the countries and sectors but the direction of the relationship is still clearly positive. For Germany both the magnitude of R&D and export is higher compared to other countries. Particularly, in Greece both variables are characterised by very low volumes even less than the last two EU countries, Romania and Bulgaria. The elasticity between the R&D and export is higher in Germany, Spain and Belgium than other EU countries. Belgium and Hungary have more outliers than any other country. The relationship is more explicit at the sectoral level than at the country level. The first four graphs present the relation in the manufacturing industry from low to high technology and the following four exhibits the relation in services sectors. It seems that at the sectoral level, the interaction between the R&D and export is elastic. Even in the knowledge intensive financial services (KIFS), with the limited data, the positive relation still holds.
Even if the positive relationship is apparent, this does not give any idea about the direction of the causality between the two variables, i.e. which one is affecting the other? From the graphs, the only indication is that they are positively related, i.e. when one of them is higher, it can be expected that the other is also higher.
Graph 5: Mean of LNRD, LNX, DRDSAL and DXSAL by country
The Graph 5 illustrates both the volume (on the left side graphs) and the decision (on the left side graph) of R&D and exports. The upper and lower parts of the graph exhibit the behaviour of R&D and export, respectively. Germany is not only the single country with the highest average R&D level but this country also exhibits the higher number of R&D performer, i.e. 62 % of the firms are performing R&D investments. Germany is followed by Belgium and Spain in R&D spending which are followed yet again by Belgium and Portugal. Greece is far behind in average R&D spending and Bulgaria is the last in R&D performance. In terms of export performance, Greece has the lowest average export level as R&D spending. The countries with high average R&D levels also turn out to be the ones with high average export levels, particularly Germany, Belgium and Spain.
In the manufacturing industry, average R&D investments gradually increase from low to high technology sectors. This fact is even more apparent in terms of R&D performance. In the services, the difference between the less and high knowledge intensive sectors (5 and 8) is higher in terms of R&D performing. In the export performance, the medium high technology (MHT) sector has a slight advantage over the others. Due to the structure of the services sector, the exporters are lower when compared to manufacturing sectors although their average export is really high. The average R&D investments in KIFS and KIHTS are almost as high as the MHT and HT sectors. Both high technology sectors in manufacturing and services are the highest R&D performers. The highest average R&D investment is in KIFS. It is followed by the two high technology industries, HT and KIHTS. The threshold value of 0.188 is the average export intensity of all firms. In the literature two reported threshold levels are 0.1487 (Suh, 1993) and 0.1458 (Zhao and Li, 1997) . Zhao and Li (1997) found positive relationship between the R&D intensity and export intensity which is not the case of Suh (1993) . In our sample, the relationship is ambiguous since the exporting firms which are less than the threshold export intensity have a smaller R&D intensity than the non-exporters although the exporting firms which are higher than the threshold export intensity have higher R&D intensity than the exporting firms which are less than the threshold export intensity.
Estimation Results
Single and simultaneous estimation results are presented in Tables 6 and 7 , where the first two regressions in both tables are the single equation estimations for R&D investments and export levels while the third regression presents the simultaneous estimation results. For the single equations, OLS and probit are implemented while for the simultaneous equations, 3SLS and bivariate probit are applied.
EU15 countries have an advantage over both volume and decision of R&D investments. For export volume, EU27 countries have better benefit than the EU25 and EU15 countries although for the decision to export, EU25 countries has more advantage In terms of sectors, the propensity to do R&D investments is higher in all manufacturing industry sectors and KIHTS meanwhile manufacturing industry sectors, especially MHT and HT, has advantage in propensity to export. The sectors with high probability to conduct R&D also have higher average R&D investments while, MHT and KIMS have higher average exports levels than the other sectors.
The first main hypothesis of the paper is to find whether the decision of the R&D investments and export are simultaneously determined or not. According to our estimation results, the two decisions are found to be mutually dependent.
Being a newly established firm, with a maximum age of two years affects export, it is interesting to note that the effect of this variable differs between the volume and the decision to export. The new firms are less likely to decide to export but if they do, their volume is higher than the average. A simple explanation for this may be that the decision to export may be made right when the firm is being established.
To start with, we discuss the signs and the magnitudes of the control variables. Not only for both single and simultaneous estimations but also for the volume and decision variables, the Schumpeterian hypothesis of a strong positive relationship between R&D and size is confirmed. In addition to this, skilled labor appears to have a positive influence on the decision to invest in R&D and to export but not on the volume of these variables. Hence, having skilled employees inspire the propensity to conduct R&D and to export although the level of skilled employees does not seem to play any particular role in the decision of how much to invest and export.
The effect of foreign ownership is positive for both the decision to engage in R&D and to export, i.e. foreign owned firms are more willing to do R&D and to export. On the other hand, firms that are owned by foreigners have a higher export volume although they have a lower R&D volume. This might be an indicator of R&D internationalization. Most probably, foreign-owned firms prefer to perform R&D their home country (Cincera et al., 2014) .
The second main hypothesis of the paper is to understand whether the magnitude of R&D investments and exports are directly affected by each other. In single estimation of R&D and export equations, it appears that they are influenced by each other. Actually in simultaneous estimation, unexpectedly R&D elasticity of export is insignificant. The export elasticity of R&D is 0.174 and 0.195 in the single and simultaneous estimations, respectively. Meanwhile, the R&D elasticity of export is 0.0737 and significant for single equation; 0.0239 and insignificant for simultaneous equation. In the simultaneous estimation, compared to the single estimation, the effect of exports on R&D is higher while the effect of R&D on exports is lower. The reason behind the insignificance of R&D elasticity of exports is due to the sectoral combination. When the equations are estimated separately for manufacturing and service sectors, the underlying mechanism of R&D and export will be clearer. Zhao and Li (1997) find the R&D elasticity of exports to be 0.112 and export elasticity of R&D as 0.182 for China. Although the authors used a three-equation model, specifically export, R&D and profitability, the hypothesis about the higher effect of R&D on export is prominent.
As a third hypothesis, it can be constructed to understand whether this relationship is valid for manufacturing and knowledge intensive services. It is estimated separately for each sector. In Table 8 and 9 in appendix, it is estimated for manufacturing industry and in table 10 and 11 in appendix for knowledge intensive services.
In the manufacturing industry, the decision of the R&D investments and exports are mutually dependent on each other. All the elasticities are significant and higher when compared to the full sample estimation. In manufacturing industry, they are more dependent on each other.
In the knowledge intensive services, the decisions are mutually dependent. Different from the manufacturing industry, the investment level of R&D has no influence on the level of exports. The export elasticity of R&D is lower than the full sample elasticities.
In both industries, knowledge spillovers are observed, i.e. export is affecting the R&D investments. In manufacturing industry, the firms utilize the R&D investments to gain competitiveness, i.e. to increase exports. In the knowledge intensive sectors, the level of R&D does not influence the level of exports.
For further analysis, it would be interesting to analyze the determinants of competitiveness in the knowledge intensive services. The behaviour of elements in that sector is different than that in the manufacturing industry. Moreover, the analysis would be replicated for the new CIS data sets.
Conclusion
Competitiveness is an important policy objective. Most of the countries are aiming to increase their R&D expenditures to achieve a competitive edge over others. Export is one of the indicators of competitiveness. Export is also an important channel of technology spillovers. R&D and export affect each other. In this study, the aim is to uncover this relationship.
In this study two main hypotheses are prominent. One of the main hypotheses (H 1 ) is on decision dependence of R&D and export which is valid for both sectors individually and also when the data are pooled. The second one is the volume dependence of R&D and export which is true for manufacturing industry only. R&D and export link is broken in the knowledge intensive sectors in which R&D is not affecting the competitiveness, i.e. export volumes. The structural character of the manufacturing and service sector is totally different from each other. Exporting ability of the firms in the knowledge intensive sectors is more limited than those in the manufacturing.
Two out of thirty-two of policy areas of the EU are external trade and research and innovation.
8 External trade and research and innovation are the two major EU policy areas that are usually treated independently. But the main question arises whether these policies are affecting each other or not. According to this study, both the decision and amount of R&D and export at firm level are found to be mutually dependent. For the sector specific policies, in the manufacturing industry, R&D and export are related, i.e. R&D or export oriented policies will affect each other. 
APPENDIX:
